Background: To assess regional myocardial function with radial myocardial motion velocity gradients (MVGs) of the left ventricle measured by omni-directional M-mode echocardiography (OME). Materials and methods: Thirty-two patients with hypertrophic cardiomyopathy (HCM), 20 patients with hypertension and left ventricular hypertrophy (HLVH), and 36 healthy volunteers (control group) were included in the study. The MVG of 16 segments on the left ventricular short axes of all subjects were measured and calculated using OME. Results: In the control group, the MVG on left ventricular short axes were found to be decreased progressively from the base plane to the apical plane. Compared with the control group, the left ventricular MVGs were reduced in both the HCM group and the HLVH group (p < 0.05).
Introduction
The radial myocardial motion velocity gradient (MVG) of left ventricle is defined as the rate at which myocardial fibers shorten in length per unit time, and could be used as a valuable parameter to reflect left ventricle regional myocardial function. Therefore, various tools had been developed to capture the MVG in the digital echocardiography era.
The conventional M-mode echocardiography, for instance, reveals superior temporal resolution and is able to record multiple cardiac cycles efficiently and conveniently [1] . Doppler tissue imaging is another tool that can visualize myocardial movement.
The DICOM omni-directional M-mode echocardiography system (OME) is a novel technology that aims to take more precise imaging of heart motion [2] . Developed by the Biomedical Engineering Institute of Fuzhou University in China, OME is generated by combining the national invention patent "omni-directional M-mode echocardiography method and system ZL98125713.5" with the DICOM standard. It is able to obtain motion data including myocardial velocity and acceleration, which could not be captured by conventional M-mode echocardiography. The main advantage of this is that it can simultaneously show multiple sampling lines in an arbitrary direction in a cardiac cycle [3e5], displaying the corresponding times from a gray scale (! 5 seconds) curve from multiple sample lines on the same image. In other words, it can display both the temporal relationship and motional data of the myocardium, enhancing the versatility of the application of OME. Compared to Doppler tissue imaging, OME is not limited to the angle of data extraction, but can obtain data from the moving variable to display velocity, making it easier to assess the myocardial motion. This system has been granted with five design patents in China.
The present study aims to investigate the applicability of evaluating regional myocardial function with MVG data collected using OME data from patients with hypertrophic cardiomyopathy (HCM) and patients with hypertension and left ventricular hypertrophy (HLVH).
Materials and methods

Study participants
HCM group: 32 patients with HCM (20 males and 12 females, aged 50.8 AE 19.8 years) were included in this group. Routine echocardiography showed that the left ventricular myocardium was asymmetrically hypertrophic. The septal anterior and lateral segments were notably thickened whereas the posterior and lateral segments were not. The ratio of thickness of septal anterior and lateral segments to that of posterior and lateral segments was more than 1.5 mm. Left ventricular outflow tract obstruction was ruled out. A routine electrocardiogram also showed ST-T changes and/or an abnormal Q wave. Furthermore, nucleoisotope imaging and magnetic resonance imaging showed that the myocardium was asymmetrically hypertrophic. HLVH group: 20 patients with HLVH (12 males and 8 females, aged 61.2 AE 8.1 years) were in this group. The inclusion criteria were those outlined by the World Health Organization (WHO) and the International Society of Hypertension (ISH). Individuals with secondary complications, such as previous myocardial infarction, cerebrovascular accident, and renal failure were excluded. Routine echocardiography showed a thickened septal segment with an average thickness of 13.10 AE 1.15 mm. Control group: 36 healthy volunteers (22 males and 14 females, aged 29.9 AE 9.9 years) were included in the control group. Routine examination using echocardiography and electrocardiogram showed normal parameters.
Equipment
GE Vivid 7 Dimension with frequency set between 2.0 and 4.0 MHz was used to capture two-dimensional images in this study. The images were adjusted to achieve a resolution frequency of greater than 60 frames per second. LEJ-2 type OME was used to measure and calculate the MVG.
Data collection
Echocardiography was used in all instances. The wall thickness was measured in all segments of base plane, middle plane, and apical plane. The two-dimensional images from these three planes were recorded and preserved in the OME system for calculation. OME had sampling lines on the ventricular wall. The M-mode curves of all segments are shown in Fig. 1 . The velocity differences between endocardium (en) and epicardium (ep), as well as wall thickness are shown in Fig. 2 . According to the Lagrangian formula [1] , the strain rate (SR) can be estimated as follows: SR Z (VeneVep)/L0, MVG Z (Vene Vep)/thickness.
Statistical analysis
The results were analyzed by SPSS 13.0 and are shown in the form of mean AE SD. The t test was adopted for comparison between groups. Multiple groups' means were compared with analysis of variance, and the comparison among groups was performed with LSD method. The analysis of two relative regression varieties was performed with correlation analysis. Statistically significant differences was defined as p < 0.05.
Results
Control group
The myocardial motion velocity gradients (MVG) were lower from the base plane to the apex plane on left ventricular short-axis view during systole and diastole. The lateral walls were highest, while the posterior septal lowest compared with the other two groups (Table 1 , p < 0.05).
HCM group
The MVGs were lower in middle plane than those in the base plane. The MVGs of the anterior wall, lateral wall, and septum were higher in the apical plane than those in the middle plane. The MVGs measured from the posterior wall were highest, while they were lowest in the anterior septum and posterior septum. Compared with the control group at the same plane, the MVGs decreased, except in the posterior wall (Table 1, p < 0.05).
HLVH group
Compared with the control group, the MVGs in the inferior wall and the septal segment were decreased significantly ( 
Discussion
Conventional M-mode echocardiography revealed superior temporal resolution and was able to record multiple cardiac cycles efficiently and conveniently, particularly in the digital echocardiography era [2] . OME is a novel technology used to evaluate regional myocardial function since the application of anatomic M-mode echocardiography. The OME technique was developed by the Biomedical Engineering Institute of Fuzhou University in China. It can simultaneously show multiple sampling lines in random directions in a cardiac cycle [3e5] . OME could be a promising tool in analyzing the images and measuring the MVGs of the left ventricle to evaluate the systolic and diastolic function.
The study found that the MVGs of the lateral walls were highest, while those of the interventricular septum were lowest. Also, in the left ventricular short-axis view, the MVGs decreased from the base level to the apex level. These findings corresponded to the distribution of myocardial fibers [6] . Compared with the control group at the same plane, the MVGs of hypertrophic segments were decreased in patients with HCM. This result suggests that myocardial hypertrophy could lead to reduced regional myocardial function. Uniquely in the patients with HLVH, the MVGs of the interventricular septum were decreased in three planes, which might be associated with the interventricular septum compensatory thickening as a result of hypertensive left ventricular afterload.
However, the decrease of MVG in the patients with HLVH was less significant than that in the patients with HCM. This suggests that the impact of hypertrophy on myocardial function in HLVH patients was less apparent than that in HCM patients. This finding could be explained by the physiology of the two conditions: hypertension leads to ventricular pressure overload and myocardial hypertrophy, such hypertrophy is shown to be composed of myocardial fibrosis and interstitial cell proliferation hyperplasia. However, HCM is an autosomal dominant genetic disease of mutation of sarcomere contractile protein genes, the occurrence of cardiac hypertrophy is related to cardiac myocyte hypertrophy and arrangement in disorder [7, 8] . Therefore, the latter myocardial injury was more significant. The results of this study also showed that the MVGs decreased with increased myocardial hypertrophy. This relationship captured by OME could be a valuable tool for the evaluation of regional myocardial function damage and could lead to significant clinical application in the treatment of cardiomyopathy. Furthermore, it was noted that the MVG collected by OME was not affected by the surrounding tissue retraction and cardiac motion disturbance, and could be used as a novel method for evaluating ventricular function.
Conventionally, Doppler tissue imaging and twodimensional speckle tracking imaging have been used to assess the regional myocardial function through the measurement of left ventricular radial myocardial strain rate. However, the measurement obtained by tissue Doppler imaging is easily affected by acoustic beam and myocardial motion angles. In the latter, notable inconsistencies were found between the track, the acoustic beam perpendicular to the tissue and the frame rate dot position [9] . Unlike tissue Doppler imaging, which acquired data from frequency shifts, the OME obtained information based on gray scale images and could be arbitrary in direction. Compared with speckle tracking imaging, OME is limited in that it does not differentiate simple rotation of the heart wall. However, the echocardiography views obtained from image acquisition changes in the imaging angle of incidence can result in capturing different myocardium data. Thus, the results obtained by this imaging technology could be influenced by different variables. Conventional anatomic M-mode echocardiography and two-dimensional speckle tracking imaging revealed left ventricular radial strain rate as well as the movement amplitude and the wall thickening degree in peak systolic from the short axis direction [10] . However, OME used MVGs to reflect the myocardial strain rate by measuring myocardial motion velocity differences between the inner and outer membranes of myocardial thickness ratio. Furthermore, it was shown that the regional myocardial motion was relative to myocardial fiber distribution as well as the intensity of the instantaneous local myocardial velocity. Hence, the MVGs could reflect myocardial active motion and partial function [11, 12] . Given that each of these imaging techniques has their own advantages and evaluates different parameters of myocardial function, a combination of these techniques could generate a more comprehensive evaluation of myocardial function. 
Conclusion
This study suggests that the myocardial hypertrophy in different segments could lead to regional myocardial dysfunction. The MVG measured by OME could directly reflect the regional myocardial motion in relation to myocardial thickness. The technology was able to demonstrate myocardial motion and local function in multiple segments in the same cycle without being influenced by the cardiac torsion effect. Our findings indicate that OME has clinical value in evaluating the left ventricular local function in patients with myocardial hypertrophy. 
